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There are many models in the literature that can be applied to suspension systems [50, 51]. 
Of particular interest to this author is the Carreau model. It is a simple non-Newtonian 
model for a shear thinning solution commonly found in the literature relating to suspensions 
[50, 51, 54]. This model features three regions of interest shown in figure 2.2: a “zero” shear 
viscosity at low shear rates, a power law, transitional region at intermediate shear rates, and 
an “infinite” shear regime at high-shear rates and a transitional regime. The equation for the 
Carreau model is:   




     (2.5) 
where n is a power index, λ is the relaxation time, a is a fit constant (often experimentally 
found to be 1) and , , and η(γ& ) are the viscosities of the solution at zero shear, at 
infinite shear and at a given shear rate respectively. 
 
 
Figure 2.2: Plot of shear rate versus apparent viscosity for shear thinning foods identifying the 
three separate regions. Often, only data in the power law region are obtained. Taken from [50]. 
More recently the complexity of the systems being studied has increased. This includes work 
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2.4.1 Shape and size 
Methods to classify the shape and size of particles traditionally relied on the inspection of 
particle images in order to measure size and shape [139, 140]. This process has become 
more automated over the years as this process was slow and the time taken depends on the 
time needed to process images. Modern dispersal systems combined with rapid imaging and 
fast computer analysis means that equipment such as Sympatec’s QICPIC can now quickly 
measure the size and shape of a collection of particles [141]. An increase in computing 
power has also meant that the process of classifying shape has become more sophisticated 
[142]. However the technique is fundamentally based on two dimensional imaging of the 
outline of particles and so cannot characterise a single particle shape fully in terms of form 
and texture. 
 
Laser diffraction is a widely used particle sizing technique for materials ranging from 
fractions of microns up to several millimetres in size [140, 143]. The traditional method uses 
Fraunhofer diffraction to classify the particle sizes. This process measures the angular 
variation in intensity of laser light scattered by particulate sample. Large particles diffract 
light at small angles and small particles scatter light at larger angles. The light intensity data 
processed using calculations based on Mie’s theory of light scattering by dielectric absorbing 
spherical particles [144]. Mie theory can and has been adapted for non-spherical particle. 
However, the interpretation of results from Mie theory can be limited if the complex 
refractive index is not accurately known or if it is not a homogonous material. The end result 
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wear coefficient.  Meng and Lundema, in 1995, reviewed 5466 papers and found 182 wear 
equations containing over 600 different variables defined by the authors [147]. Over 100 of 
these variables were thought by Meng and Ludema to be distinct parameters that were not 
equivalent to or significantly similar to variables seen in other work. The applicability of the 
Archard equation may stem from the fact it is a simple core equation. The coefficient of 
wear provides a system variable to be found experimentally. Wear should follow the Archard 
equation provided “conditions” (as Archard referred to them) are kept constant. This 
equation forms the starting point, if not the basis of most work on wear in the literature [56-
58, 147-150]. The fact that it is so widely applied shows its relevance as a fundamental 
description of wear. However, effects created by the wide-ranging surface properties, 
particles and fluid here are likely to limit the applicability of the equation.  
 
As stated previously the many uses of hard materials including steel and elastoplastic 
polymers in tribological applications means that a large amount of research has been 
conducted into the subject of three-body abrasive wear in hard contacts [57, 151-155].  An 
experimentally established rule in the wear of metals is that the damage caused by an 
abrasive particle only becomes significant once the indentation hardness of the abrasive is 
~0.8 times the indentation hardness of the surface [156, 157]. The explanation is derived 
from the fact that the maximum contact pressure for a spherical particle against a flat 
surface is about 0.8 times the hardness of the particle material. This means that calcite 
(hardness of ~120 kgf.mm
-2
 from Vickers indentation (HV) or ~2.8 GPa from nanoindentation 
[158]) acting on SS (200-250 kgf.mm
-2
HV or ~5 GPa [159]) should not cause significant plastic 
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